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Abstract
The objective of this study was the characterisation of alheiras, traditional Portuguese sausages, with respect to their microbiological
safety. Thirty-eight lots from 17 producers were analysed. The microbiological status of the analysed product can be considered of con-
cern in terms of food safety. Although Campylobacter spp. and Escherichia coli O157 were not detected in any sample, and Clostridium
perfringens when present was not at levels of concern with reference to public health, Salmonella spp. were detected in 2 lots of industrially
produced alheiras, and more than 60% of the lots analysed were contaminated with Listeria monocytogenes in concentrations higher than
100 cfu/g.
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Fermented meat products are part of the daily diet in
rural areas of Portugal and fashionable food products in
urban centres whose market has been increasing in a signiW-
cant way. Consumers consider traditional fermented sau-
sages safe foods. The simultaneous reduction in the aw and
pH partially inhibits the development of pathogenic bacte-
ria during the various stages of sausages manufacture.
However, as raw meats are frequently contaminated, there
is a probability that some of the pathogenic organisms
could cross the antimicrobial barriers imposed during pro-
cessing. Therefore, they may be present in the Wnal product,
causing a concern for the producers and for those responsi-
ble for public health, and has been the topic of study of sev-
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E-mail address: paula@esb.ucp.pt (P. Teixeira).eral research groups. Post-process recontamination is
another possibility. The presence of pathogens in fermented
sausages has been previously reported (Ananou et al., 2005;
Samelis & Metaxopoulos, 1999; Thévenot, Delignette-
Muller, Christieans, & Vernozy-Rozand, 2005).
Indeed, the importance of fermented meats being a
source of pathogens, thereby resulting in outbreaks was
highlighted by Moore (2004).
In addition to Salmonella, Staphylococcus aureus and
Clostridium botulinum, the microorganisms mainly studied
in these products in the past decades (Tompkin, Christian-
sen, Shaparis, & Bolin, 1974), Listeria monocytogenes and
Escherichia coli O157:H7 are the predominant pathogens
currently under study (Hew, Hajmeer, Farver, Glover, &
Cliver, 2005; Naim, Messier, Saucier, & Piette, 2004; Pond,
Wood, Mumin, Barbut, & GriYths, 2001; Samelis, Kako-
uri, Savavvaidis, Riganakos, & Kontominas, 2005).
Alheiras are traditional smoked fermented meat sau-
sages produced in the North of Portugal. In addition to the
homemade alheiras, more than 500 tonnes are annually
produced by various commercial industrial plants (http://
www.idrha.min-agricultura.pt/produtos_tradicionais/estatis-
ticas/estatisticas.htm), using pork and other type of meats
(duck, turkey, chicken, partridge and calf), representing an
important economic resource for the region.
For the production of alheiras, the various meats are
boiled in water with salt and spices. Bread is thinly sliced
and immersed in some of the broth formed during the boil-
ing of the meats and when it is soft enough, meat in small
pieces, spices and olive oil and/or fat drippings are added to
the mixture. When everything is completely mixed the paste
is stuVed into cattle intestinal casings and submitted to a
dry smoke process, usually for no longer than eight days. In
previous work, a preliminary chemical and microbiological
characterization of alheiras was made. In general, the
results obtained have shown that the optimization of
hygienic procedures in the process of production is neces-
sary to improve the quality and safety of alheiras (Ferreira
et al. (submitted for publication)). Therefore, the objective
of this study was the characterisation of alheiras, with
respect to their microbiological safety. The generated data
are intended to contribute to the determination of the risk
that these products might present to consumers.
Materials and methods
Alheiras from 17 diVerent producers were collected from
retail establishments. Of these producers, 12 are designated
industrial producers (producers 1–12) and Wve “Cozinhas
Regionais de Fumeiro”, (producers 13–17) hereafter
referred small artisanal producers (SAPs) which are small
units that cannot transform more than 3000 kg of raw mate-
rial per year into smoked meats, and are obliged to commer-
cialize their products within a maximum radius of 40 Km.
With the exception of 2 speciWc industrial producers and of
those from SAPs, which were only sampled once, samples
were collected on at least two diVerent occasions in order to
have representatives from more than one batch. Samples
were transported to the laboratory in portable, insulated
cold-boxes and stored at 4 °C until analysis, normally
between 1 and 5 days after collection. From each batch, 6
alheiras were divided into various pieces. For each parame-
ter to be evaluated, unless otherwise stated, 2–4 independent
analyses were performed using randomly selected pieces.
Twenty-Wve grams samples were added to 225ml of sterile
buVered peptone water (Merck, Darmstadt, Germany), and
homogenized in a stomacher for 2min. Appropriate decimal
dilutions were prepared in Ringer’s solution (LabM, Bury,
UK) for microbial enumeration: E. coli on TBX (BioRad, CA,
USA), incubated at 44°C for 24h; coagulase-positive staphy-
lococci on Baird–Parker RPF-agar (bioMérieux, Marcy l’Eto-
ile, France), incubated at 37°C for 48h; Enterobacteriaceae
according to ISO 21528-2 Anonymous, 2004a; enumeration
of Clostridium perfringens was performed according to the
European Standard EN 13401 (Anonymous, 1999).
Detection of E. coli O157 was performed by Immuno-
Magnetic Separation using Dynabeads® (Dynal A.S, Oslo,Norway) coated with absorbed and aYnity puriWed anti-
E. coli O157 antibodies according to the International Stan-
dard, ISO 16654 (Anonymous, 2001b).
Detection of Campylobacter was performed using the
VIDAS Campylobacter-method CAM (bioMérieux; Anon-
ymous, 2004b) which is an enzyme-linked Xuorescent
immunoassay performed in the automated VIDAS instru-
ment, using antibody speciWc for Campylobacter jejuni, C.
coli and C. lari. C. upsaliensis is not detected by this
method. Campylobacter was also detected according to the
ISO/DIS 10272-1 standard (Anonymous, 2001a) using as
selective isolation media mCCD agar (Oxoid CM 739) and
Karmali agar (Oxoid CM 935). L. monocytogenes was also
detected by the VIDAS method (Anonymous, 1996) and
direct enumeration of this species was performed according
to the International Standard ISO 11290-2 (Anonymous,
1998).
Salmonella spp. was also detected by the VIDAS method
(Anonymous, 1994). ConWrmation of positive results was
performed using as enrichment broths RVS and MKTT
according to the standard techniques described in ISO 6579
(Anonymous, 2002).
Results
Thirty-eight lots of alheiras, 33 lots of 12 industrial pro-
ducers and 5 lots from SAPs were analysed.
E. coli O157 and Campylobacter spp. were not detected
in any of the lots analysed.
Salmonella spp. was found in two lots, (1 from producer
1 and the other from producer 6).
Results obtained for other organisms are presented in
Table 1.
Each lot was classiWed as satisfactory, acceptable, unsat-
isfactory or potentially hazardous depending on the level
and type of contamination, following the Guidelines of the
Food Safety Authority of Ireland (Food Safety Authority
of Ireland, 2001). As observed in Fig. 1, 20% of alheiras pro-
duced in industrial plants, were classiWed as satisfactory
and 30% and 50%, were considered as unsatisfactory or
potentially hazardous, respectively. 80% of the alheiras pro-
duced by SAPs were classiWed as unsatisfactory and 20% as
potentially hazardous. The percentage of each organism or
group of organisms that contributed to this classiWcation is
presented in Fig. 2 for the unsatisfactory lots and Fig. 3 for
potentially hazardous lots.
Discussion
There are still no oYcial microbiological criteria for fer-
mented meats. Alheiras are normally cooked before con-
sumption either by frying, grilling or boiling. However,
studies by our research team in which the heating proWle of
alheiras during real scenarios of cooking by various con-
sumers was monitored, suggest internal temperatures may
often not be suYcient to kill all of the pathogens originally
present (data not shown). In this context, alheiras can be
included in the ready-to-eat foods category. Therefore,
results obtained in this study were analysed on the basis of
the Irish microbiological guidelines for fermented meat
products (Food Safety Authority of Ireland, 2001).
The microbiological status of the analysed product can
be considered of concern in terms of food safety. Although
Campylobacter spp. and E. coli O157 were not detected in
any sample, and C. perfringens when present was not at
levels of concern with reference to public health, Salmonella
spp. were detected in two lots of industrially produced alhe-
iras, (25 g samples) and more than 60% of the lots analysed
were contaminated with L. monocytogenes in concentra-
tions higher than 100 cfu/g. This organism is responsible forlisteriosis, a severe infection particularly among the elderly,
very young and immunocompromised individuals, and has
also been associated with late-term miscarriages in preg-
nant women. The infectious dose for listeriosis is not
known, however, under the levels of control which are cur-
rently being applied, the concentrations are considerably
higher than those normally found in similar products
(Thévenot et al., 2005). In SAPs, the designation of poten-
tially hazardous was attributed to one lot, due essentially to
the presence of more than 104 cfu/g of S. aureus. L. mono-
cytogenes was not found in any products from the SAPs.
Other authors have also mentioned this tendency, i.e. higher
contamination rates in larger plants than in small ones, andMicrobiological quality of alheira (log cfu/g)
ND, Not determined; S, satisfactory; U, unsatisfactory; PH, potentially hazardous.
A ClassiWed as PH due to the presence of Salmonella spp.
a Media of two independent samples. Not detected in the two other independent samples.
b Value obtained for one independent sample. Not detected in the other sample.
c Value obtained for one sample. Not detected in the other three samples.
d Media of three independent samples. Not detected in the other independent sample.
e Positive in three independent samples. Negative in one independent sample.
f Positive in two independent samples; negative in two independent samples.
Producer Lot Presence of L. monocytogenes (in 25 g) L. monocytogenes E. coli S. aureus Enterobacteria C. perfringens Microquality
1 A (ND) (ND) (ND) <1 2.6 § 0.4 (ND) S
B – <1 2.5 § 0.1a <1 2.9c <1 PHA
C + 2.8 § 0.6 4.7 § 0.0 4.8b 6.9 § 0.1 <1 PH
2 A (ND) (ND) (ND) <1 6.3 § 0.2 (ND) U
B – <1 6.0 § 0.2 4.1c 6.9 § 0.2 <1 PH
C – <1 4.7 § 0.2 4.6 § 0.2 (ND) <1 PH
3 A (ND) (ND) 5.3 § 0.3 3.6 § 0.2 7.2 § 0.4 <1 U
B – <1 >7.5 <1 >7.5 <1 U
C + 6.0 § 0.2 3.8 § 0.1 3.9 § 0.1 7.6 § 0.1 <1 PH
D +b 4.6b <1 <1 <1 <1 PH
4 A (ND) <ND 3.0 § 0.6 <1.0 5.6 § 0.2 <1 U
B +e <1 2.7 § 0.3a 3.7c 3.9 § 0.9 <1 U
C – <1 <1 <1 <1 <1 S
D – <1 <1 <1 <1 <1 S
E – <1 <1 <1 <1 <1 S
F – <1 <1 <1 <1 <1 S
5 A +e <1 <1 <1.2 2.7 § 0.4 <1 S
6 A – <1 2.5 § 0.2 3.7 § 0.1d 2.9 § 0.0 3.1 § 0.1 PHA
7 A – <1 >5.5 § 1.2 3.0 § 0.1a 5.9 § 1.6 <1 U
B – <1 <1 <1 3.3 § 1.3 <1 S
C – <1 <1 <1 4.7 § 0.2 <1 U
8 A + 4.3 § 0.2 <1 3.5 § 02 6.3 § 0.4 <1 PH
B +b 3.2 3.7 § 0.1 2.5 § 0.3 5.5 § 0.5 2.6 § 0.3 PH
C – – <1 5.5 § 0.1 6.9 § 0.0 <1 PH
9 A – <1 3.1 § 0.5 2.7 § 0.3d >7.5 ND U
B + 4.3 § 0.4 3.9 § 0.05 4.5 § 0.5 6.4 § 0.7 <1 PH
C – <1 2.9 § 0.8 <1 7.2 § 0.0 <1 U
10 A + >4.2 4.9 § 1.2 <1 >7.5 <1 PH
B + 5.5 § 0.1 6.3 § 0.2 4.2 § 0.4 6.6 § 0.2 <1 PH
11 A + 4.2 § 0.2 2.8 § 1.2d 3.0 § 0.0a 7.3 § 0.1 <1 PH
B – <1 6.2 § 0.1 4.7 § 0.2 6.6 § 0.1 <1 PH
12 A +f <1 <1 3.8b 6.3 § 0.7 <1 U
B + 4.1 § 0.1 >6.5 <1 >7.5 <1 PH
13 A – <1 <1 <1 6.5 § 0.4 <1 U
14 A – <1 3.1 § 0.5 <1 4.6 § 0.4 <1 U
15 A – <1 3.5 § 0.2 <1 5.9 § 0.0 2.4 § 0.1 U
16 A – <1 4.4 § 0.1 5.5 § 0.1 6.2 § 0.7 <1 PH
17 A – <1 <1 <1 7.3 § 0.1 <1 U
Fig. 1. ClassiWcation attributed to lots according to the Irish Guidelines
(Food Safety Authority of Ireland, 2001).
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Fig. 2. Percentage of each organism or group of organisms that contrib-
uted to the classiWcation of unsatisfactory.
Fig. 3. Percentage of each organism or group of organisms that contrib-
uted to the classiWcation of potentially hazardous.this has been attributed to the greater complexity of pro-
cessing lines (Thévenot et al., 2005) where eradication of L.
monocytogenes is diYcult (Heir et al., 2004). In general,
these potentially hazardous lots also had high microbial
counts of the indicator organisms.
Lots classiWed as unsatisfactory generally presented high
counts of Enterobacteriaceae, E. coli and S. aureus. In the
case of Enterobacteriaceae and E. coli, this might be the
result of poor hygiene or poor process control. High S.
aureus concentrations are probably the result of the consid-
erable levels of handling product-in-process, mainly the Wll-
ing of the casings that in some plants is manual, or even
cross-contamination. As the meats in this product are
boiled suYciently to remove the vegetative pathogen, the
high microbial load found in the products might also result
from post-process contamination via the addition of the
bread or some spices after boiling; high levels of contami-
nation of spices has been reported (Benerjee & Sarkar,
2003, 2004).
The means of pH, salt content and relative humidity of
alheiras were reported by Ferreira et al. (submitted for pub-
lication) as 5.11§0.5, 1.3§ 0.3% and 52.3§ 4.31%, respec-
tively. In a product with these characteristics, any
contaminants will be able to grow specially if the product
before Wlling or the Wnal product is exposed to temperature
abuses.
The Wndings of this study give cause for concern. How-
ever, we hope that producers consider it the motivation to
improve the general hygienic conditions, to implement
control systems, such as HACCP, and to try possible
alterations in the technological process and suppliers of
raw materials, especially of those that are added after
boiling the meats. For example, the utilization of appro-
priate starter cultures would improve the acidity at the
beginning of the process minimising the proliferation of
pathogens. Various lactic acid bacteria having antimicro-
bial activity against L. monocytogenes and other patho-
gens, have already been isolated from various alheiras,
and the possibility of them being used as starter cultures
is currently being evaluated (data not shown). This
would improve the product without altering its typical
characteristics.
These improvements are urgent as it is predictable that a
potential implication of alheiras in any serious food-borne
disease would result in loss of consumer conWdence in tradi-
tional products, thereby having an enormous economic
impact.
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